In this paper, Apriori algorithm has been improved and applied to substation data mining process. Ant colony algorithm is applied to get the optimal solution of reactive power allocation in substations. 
Introduction
Electric power system is a large-scale nonlinear interconnected system. It is difficult to extract the useful information from the accumulated continuously running data for operators in power system. The data mining technique can take full advantage of these operating data to reveal the principles and rules that the power system contains through association analysis, classification and prediction, clustering analysis, outlier analysis, and so on [1] [2] [3] . Data mining technology has been applied in many fields such as credit card management, churning analysis and so on. Most researchers focus on the study of data mining models [4] [5] [6] . The application of traditional data mining techniques is continually facing new challenges in power system because an ever increasing amount of data is still being produced at high rates in power system and the analyses of the data often needs to be conducted in real-time and under time constraints.
Ant colony algorithm (ACA) is a new method for solving the optimal combination problem [7] . In recent years, researches on the ant colony focus on improving the traditional ant colony algorithm, such as TSP optimal problems and its extended application of the ant colony algorithm to other areas, such as data mining and knowledge discovery [8] [9] [10] . Paper [11] adjusts the ant colony pheromone adaptively under the limitation of pheromone to further solve the stagnation problem and improve the searching ability of ACA. Paper [12] applies ACA to optimize the rapid microgrid power management problem given complex constraints and objectives including: environmental, fuel/resource availability, and economic considerations.
Reactive power plays an important role in supporting the real power flow by maintaining voltage stability and system reliability. The available reactive power capabilities of the system have to be optimally deployed so that bus voltages are kept within specified limits. The purpose of reactive power dispatch is to determine the proper amount and location of reactive support with several constraints. Paper [13] focuses on the voltage/reactive power problem keeping the real power flows fixed to values determined from a base case load flow analysis. In paper [14] , optimal power dispatch is solved by timevarying acceleration coefficients particle swarm optimization (TVAC-PSO). It proposes a comprehensive model for reactive power pricing in an ancillary services market. Paper [15] presents an efficient Genetic Algorithm (GA) based reactive power optimization approach to minimize the total support cost from generators and reactive compensators. This paper focuses on the problem of extracting useful data for effective decision-making of reactive power optimization. It describes the concepts and improvements of association rules algorithm -Apriori algorithm and ant colony algorithm. The improved Apriori algorithm is applied to extract the useful information for the ACA from the large number of running data in the substation operation process. The overall model based on Apriori algorithm and ant colony algorithm is established for reactive power optimization. An example power substation is used to illustrate the application of the proposed models in the voltage and reactive power automatic control system. Based on historical data, the proposed method is used to get the optimal operating conditions of the optimal solution to guide the practical operation.
Data mining

Principle of Association Rules Method
Association rules method is represented simply as A B  . Where, A⊂ I ; B ⊂I ; B∩A= φ .
is the record number of the items which include A B  ; sup _ ( ) port count A is the record number of the items which include A.
The support level indicates the statistical importance of association rules in the whole data set. The confidence level indicates the credibility of the association rules. Generally, the useful association rules are the ones with high support level and confidence level. The data mining process can be divided into two parts: (i) mining the large items set whose general support level is higher than the pre-set value; (ii) get the association rules whose support level is higher than the pre-set minimum support frequency.
Improved Apriori Algorithm
The Apriori algorithm proposed by Agrawal in year 1994 is recursive and includes two main steps:
(i) Get the frequent K-item on the frequent (K-1)-item.
(ii) Calculate the support level of the candidate set on the database scanning and pattern matching.
It can be included that the candidate set is too large and the database is scanned repeatedly in the Apriori algorithm. A improved method without these two drawbacks is applied to the data mining in the historical database of the substations. It is described as follow:
(i) Preprocess the original data based on partition. It divides the database of the substation into 9-zones according to the requirement of reactive power and bus voltages. Then it focuses on the data in the area except the normal running area. So it is time-saving and fast-accessing because it only scans the corresponding area in the database without scanning the whole database.
(ii) Classify with similarity search, according to central substation operation conditions. The association level of the selected data is improved to meet the requirements of practical operation. 
When a ant k (k=1,2…,m) is moving, it collects the information in the path to choose the next path. The state transition probability of ant's shift from city i to city j at moment t is represented as
Where, allowd k ={0,1, …,n-1}; tabu k represents the possible cities allowed to choose in the next step. The artificial ants have the function of memory. Tabu k (k=1,2…,m) records the cities the ant has gone to in the last k steps. And it is updated dynamically as the evolutionary process. After a circle with n times, the ant passes all the cities. Each path traversed by an ant is a solution. The information in each path is updated as
Where, 
Where, Q indicates the pheromone intensity; L k is the total length of the path the ant k passed in this cycle. After several cycles, the calculation ends based on the stop condition.
Improvement of Ant Colony Algorithm
The improvement of the ant colony includes: (i) Selection of parameters: The parameters are dynamically adjusted. At the beginning, the parameters are set at a small value, to avoid "false positive feedback" and "solution loss". When the calculation is running after a certain number of cycles, the parameters are increased to improve the solution quality.
(ii) Modification of the parameters: The state transition probability in (2) is modified according to the results of data mining. The higher the confidence level and the pheromone concentration are, the greater the probability that ants choose. In the ant k passes path (i, j) ,
Where, p is the confidence level. The tabu table is established according to the results of data mining. And it is updated after each ant's choice until the new optimal strategy is found.
(iii) Selection of paths: First, calculate the reactive power supplied by the capacitor sets in all the substations to establish all the working states. The probable strategies are found out when the reactive power shortfall is compared with the calculated reactive power. The strategies with great difference are aborted. Number the left states and find out the confidence level through data mining.
Second, the path selection strategy in the basic ant colony algorithm is adjusted. The probability of paths that ants choose is set as the confidence levels of the mined association rules. The tabu table of probable choice is listed. The next path is calculated by the tabu table without randomness. And the original establishment of tabu table is related to the results of the offline data mining.
Overall Model
For a substation in centralized control mode in China, the proposed control strategy of switching capacitors for optimal allocation of reactive power is described as Fig.1 . First, it establishes the association rules of the central station and controlled stations based on historical databases. Second, it compares the established results and the measured data. Then it calculates the optimal solution according to evaluation function, namely, optimization goals. their frequencies are not less than the pre-set minimum support frequency. Based on the frequent items, the corresponding strong association rules are gained. Ant colony algorithm is used to find the optimal strategy of reactive power regulation, based on the output association rules of the offline part. And the renew output of the offline part interact with the online strategy.
Target Function
The power loss between two points i, j can be represented as
Where, ij P is the transported power between i and j; l i is the length of the transmission line; i  is the related comprehensive coefficient. The total power loss can be represented as
The node voltage deviation is
The total voltage deviation of all nodes is 2 1
Where, n is the number of the nodes except the slack bus nodes; 
Where, P i is the injected active power; Q i is the injected reactive power; U i and U j are the node voltage; G ij is the conductance between i and j; B ij is the susceptance between i and j ; δ ij is the electrical angle difference between i and j.
(ii) 
Where, Q Cimin is the min available reactive power; Q Cimax is the max available reactive power; U imin is the min voltage amplitude of node i ; U imax is the max voltage amplitude of node i; [T imin , T imax ] is adjustment range of the adjustable transformer i; n i ,..., 2 , 1 = ; C i is the switching frequency; C min and C max are the limits of Ci. If C i reaches to C max , the capacitor is disabled in the left time.
Calculation of Target Function
(i)Target function for TSP method: The problem of reactive power optimization in substations can be regarded as a TSP problem. A capacitor set can be regarded as a city in TSP method. The switching state is the path between two cities. The function in (11) can be described as (ii) Constraint conditions: Considering the representation of the constraint conditions of (13) in tabu table, the constraints on voltage and the change of the transformer taps can be ignored.
The switching frequency of capacitor sets is
and last for a period time, the capacitor C i will be not allowed to switched again and the value is set to zero in the left time.
Case study
The improved algorithm is applied to an example system. The diary operating data are available. Fig.2 shows the simplified study example. A center substation (C, as in Fig.1.) has nineteen controlled substations, three 110KV substations and sixteen 35KV substations. All these substations are equipped with reactive compensators and on-load tap-changing transformers as shown in Table I The evaluation function is as 
